ower urinary tract symptoms (LUTS) are common, affecting approximately 40% of older men (1). LUTS is a recent term for what used to be known as prostatism (2). However, obstructive disorders of the lower urinary tract may also be caused by other diseases, such as bladder neck contractures, urethral valves, or external sphincter dyssynergia. However, for the majority of cases in the male population, the etiology is benign prostatic hyperplasia (BPH).
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Various animal and human studies have revealed that a significant enlargement of the bladder wall is attributable to smooth muscle cell hypertrophy, fibrocyte hyperplasia, and collagen deposition in the detrusor (3, 4) . From a clinical perspective, thickening of the bladder wall should be considered as a sign of significant subvesical obstruction (5) . The best way to visualize this detrusor muscle hypertrophy in a noninvasive manner is to measure the detrusor wall thickness (DWT) by suprapubic ultrasonography. In 2006, Belal and Abrams (6) evaluated noninvasive methods used to diagnose bladder outlet obstruction (BOO) in a meta-analysis and observed that ultrasound measurements of the DWT and bladder weight were the only predictors of subvesical obstruction in LUTS patients.
It is widely accepted that DWT decreases continuously while the bladder fills to 50% of its capacity and then remains constant until 100%. Therefore, the detrusor wall measurements are performed on patients when the bladder is filled to maximum capacity only (7) . However, no study has been published that evaluates the diagnostic accuracy of DWT when the bladder is empty. In our study, we investigated the association between the LUTS severity and DWT. In addition, the parameter "DWT when the bladder was empty" was also evaluated as a noninvasive diagnostic tool to predict LUTS in men.
An ideal assessment tool to detect LUTS must be noninvasive, quick, inexpensive, and reproducible with high diagnostic accuracy. Ultrasonography has all of these criteria with additional advantages (no contrast material and no ionizing radiation). In uro-radiology practice, conventional ultrasound-derived noninvasive tests for the evaluation of LUTS severity can achieve measurements of DWT, postvoid residual urine volume (PVR), and prostate and bladder volumes. Hence, our primary aim in this prospective, controlled clinical study was to analyze the diagnostic accuracy of these ultrasound-derived noninvasive tools (i.e., DWT when the bladder is full and empty, PVR, and bladder and prostate volumes) in healthy, mildly symptomatic, and moderately-toseverely symptomatic men, and compare the outcomes in each group. In addition, their correlation according to International Prostate Symptom Score (IPSS) and age groups as well as differences in DWT values were also investigated. Our hypothesis was that these tests would accurately discriminate symptomatic cases from healthy subjects and would 
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MATERIALS AND METHODS
During an 18-month period, a total of 243 males were included in the study. Three groups were assessed due to their International Prostate Symptom Score (IPSS): men with normal lower urinary tracts (n=51; control group), men with mild LUTS (n=60; Group 1), and men with moderate to severe LUTS (n=132; Group 2). DWT, bladder, and prostate volumes and PVR were measured by suprapubic ultrasonography. DWT was measured when the bladder was full (DWT-1) and when it was empty (DWT-2).
RESULTS
The mean age for the study population was 60.0±0.6 years, while the mean IPSS for the whole group was 8.0±0.4. Both the bladder and prostate volumes in Group 2 were statistically significantly higher than the control group and Group 1. The mean DWT-1 values were significantly lower in the control group when compared to Groups 1 and 2. However, when study groups were compared with each other, no statistical significance was noticed (1.12 vs. 1.17 mm). In contrast, the mean PVR and DWT-2 values were significantly different in each group. There was a significant correlation between IPSS questionnaire results and all individual parameters. CONCLUSION Suprapubic transabdominal ultrasonographic assessment of the lower urinary tract in a noninvasive manner allows the clinician to assess LUTS severity in men without morbidity. Additional studies are necessary to provide further conclusions regarding this clinical procedure.
according to the formula "bladder height×depth×width×0.6" (5). With the probe parallel to just above the symphysis pubis of the patient, an image of the largest circumference of the prostate was captured on the screen. The prostate volume was estimated from the diameters of the minor axis and the major axis using an elliptical, 3-axis volume formula (10) . PVR was measured immediately after voiding with a 3.5-MHz curvilinear ultrasound array. In contrast to the former studies, we also measured the DWT similarly as described above when the bladder was empty, and the data were recorded as DWT-2 (Fig. 1b) . All ultrasound measurements were done with a LOGIQ ® 9 system (GE Healthcare, Milwaukee, Wisconsin, USA).
For statistical analyses, a commercially available software package (Statistical Package for Social Sciences, version 18.0, SPSS Inc., Chicago, Illinois, USA) was used. Categorical variables were summarized as numbers and percentages; continuous variables were given as the means and standard deviations (median, minimum and maximum, if required). One-way analysis of variance (ANOVA) was used to compare parametric variables. Non-parametric variables were analyzed using the Kruskal-Wallis test.
predict the degree of the subvesical obstruction.
Materials and methods
The approval of the hospital ethic committee was obtained, and 243 males were included in this prospective, controlled clinical study. The measurements were done on urology outpatients, in whom subvesical obstruction was suspected (n=192), with LUTS and/or prostate enlargement. As a control group, normal volunteers and urology outpatients with problems other than lower urinary tract disorders, such as varicocele and impotence, were included (n=51). Males with prior urinary tract or pelvic surgery, prostate and bladder cancer, or extravesical or systemic disorders that might influence bladder function (chronic renal insufficiency, neurological disorder, or diabetes mellitus) were excluded from the study and control groups. In addition, patients who complained of symptoms suggestive of LUTS or lower urinary tract dysfunction, such as nocturia or dysuria, were excluded from the control group. Females and children were also excluded.
During the initial assessment, all patients were evaluated by the same urologist (H.T.) with an IPSS questionnaire (8) and were divided into two groups according to their IPSS questionnaire results. Group 1 included the cases who were mildly symptomatic, with IPSS scores <8 (n=60). Group 2 included the cases who were moderately to severely symptomatic, with IPSS scores ≥8 (n=132). Men who met the inclusion criteria were then asked to drink water until they felt the strong desire to void. Using real-time suprapubic transabdominal ultrasonography, the DWT was measured at the anterior bladder wall with the use of a 7.5-MHz linear ultrasound array (4, 9) . With the assistance of magnification, the adventitia, detrusor, and mucosa were identified. When the bladder was full, two ultrasonographic measurements of the anterior bladder wall in longitudinal scan and transverse scan were recorded, and the average of the two measurements was taken as the final DWT value in millimeters (mm) (DWT-1) (Fig. 1a) . In addition, bladder volume was calculated by measuring the intravesical diameters of bladder height, depth, and width. The bladder volume was calculated 
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For multiple comparisons of groups, post-hoc Scheffe test for parametric variables and Mann-Whitney U test for non-parametric variables (Bonferroni adjusted P values were given) were used. Spearman correlation coefficient was obtained to investigate the correlation between continuous variables. Two-tailed P value of < 0.05 was accepted as statistically significant.
Results
The mean age for the whole study population was 60.0±0.6 years (median, 59 years). Mean IPSS for the whole group was 8.0±0. 4 (median, 8) . Mean and median values for bladder and prostate volumes, DWT measurements and PVR are given in Table 1 . The mean age of the control group was significantly lower than the study groups. Both the bladder and prostate volumes in Group 2 were statistically significantly higher than the control group and Group 1. The mean DWT-1 value was significantly lower in the control group when compared to Groups 1 and 2. However, when study groups were compared with each other, no statistical significance was seen (1.12 vs. 1.17 mm). In contrast, the mean PVR and DWT-2 values were significantly different in each group, indicating a gradual increase with the increase in symptom severity (Table 1 ; Fig. 2a ).
There was a significant correlation between IPSS questionnaire results and all individual parameters (P < 0.001; linear regression analysis); the PVR and DWT-2 values revealed especially strong positive correlations with symptom severity and IPSS (Spearman's correlation coefficients were 0.623 and 0.463, respectively; Table 2 ). When the correlations between each ultrasonographic parameters were studied, the strongest correlation (r=0.584; P < 0.001) was found between the DWT-1 and DWT-2 (Fig. 2b) . Another strong correlation was also present between the PVR and prostate volume (r=0.532; P < 0.001).
Discussion
In 2002, Tubaro and Miano (11) explained that the thickening of the detrusor muscle resulted from increased workload, similar to the heart in which the muscular wall thickens due to a valve stenosis. Afterwards, studies started to be published revealing the predictive value of DWT in men with BOO (7, 9, 10, 12) . In 2007, Kessler et al. (12) found a significant correlation between DWT and pressure flow studies (PFS). They concluded that DWT can predict BOO as well as PFS and concluded that it can replace PFS in the diagnosis of BOO. Nevertheless, PFS is currently the gold standard technique for the differentiation of BOO and detrusor hypocontractility. Except for this indication, PFS is an optional test for the routine evaluation of elderly men with LUTS (13, 14) as it is expensive and invasive. Klinger et al. (15) observed severe complications, such as urinary retention and gross hematuria during or after urodynamic investigations, in up to 19% of patients. Thus, we did not perform PFS or other kinds of urodynamic investigations in our study population.
Oelke et al. (9) conducted a study including 160 men older than 40 years, of whom 75 had BOO according to PFS. Among noninvasive diagnostic modalities, such as uroflowmetry, PVR or prostate volume, DWT was found to be the most accurate test to determine BOO. In our study, all ultrasonographic measurements (i.e., PVR, DWT, prostate, and bladder volume) were identified as significant predictive factors for BOO/LUTS (Table 2 ). In addition to the noninvasive feature of these measurements, ultrasonographic measurement of the bladder wall showed a low intraand inter-observer variability (16, 17) . Thus, routine use and determination of certain cut-off values may be possible in the near future for this diagnostic modality. However, the definition of normal values of DWT for different age groups and gender remains a critical issue. For this purpose, we designed our study protocol with a control group. To eliminate gender difference, we excluded females and included men without LUTS/BOO and men with IPSS=0 in the control group.
Some authors proposed to measure DWT only to receive more detailed information about the detrusor muscle and the status of muscle decompensation (7, 18) . In ultrasonographic images, the mucosa and adventitia appear hyperechogenic (Fig. 1) , but the adventitia may not always be discriminated from the perivesical tissue, which is also hyperechogenic (18) . Consequently, marker placement in perivesical tissue instead of adventitia would cause a false increase in bladder wall thickness (BWT). As the detrusor appears hypoechogenic (4), more accurate and reliable measurements may be obtained by evaluating DWT instead of BWT. Furthermore, the thickness of the mucosa and adventitia may be affected by infection or cancer. For this reason, we preferred to measure DWT instead of BWT.
To the best of our knowledge, our study was the first to evaluate the predictive value of DWT measured when the bladder was empty (DWT-2). Although, some authors concluded that DWT or BWT measurements were influenced by bladder volume (6, 7), we did not observe a significant correlation between the bladder volume and DWT measurements. Hakenberg et al. (5) evaluated 488 patients and volunteers of both genders and different age groups to determine the BWT differences in normal adults and men with mild LUTS. They observed a weak negative correlation (r=-0.12). Their data gave a correction factor of -0.00108 mm in BWT per mL increase in the bladder volume. This finding means a 100 mL increase in bladder volume causes the BWT to be corrected by 0.108 mm. In practice, this change is quite negligible and small when compared to the ultrasonographic measurement errors. Hence, according to us, the operator must not insist on measuring DWT when the bladder is full or distended. In our study, measurements done when the bladder was empty were statistically more suggestive for LUTS. In the current study, DWT-2 was strongly correlated with DWT-1 measurements (Fig. 2b) . Therefore, the combined use of PVR with DWT-2 values may better predict moderately-to-severely symptomatic men from mildly symptomatic cases (Table 1 ; Fig. 2a) .
Several limitations of the present study should be considered. Although all of the ultrasonographic measurements were made by the same radiologist (U.D.) who was blinded to the IPSS results and LUTS severity of the men in the study groups, ultrasonography itself is a subjective assessment modality and is operator dependent. Currently, DWT measurement techniques have started to become standardized through numerous studies (4, 5, 7, 9, 10, 19) . It was previously demonstrated that DWT depends only on gender, bladder filling, and LUTS severity (7, 18) , and DWT was not affected by patient age (19) . As all of our patients were male, the only variables that might affect DWT measurements were bladder volume and IPSS. Although IPSS was found to be directly correlated with both DWT-1 and DWT-2 measurements, this was not the case for bladder volume. In correlation analysis, no correlation was found between bladder volume and DWT values (P values were 0.994 for DWT-1 and 0.355 for DWT-2). Thus, it is too difficult to determine objective, standardized cut-off values for DWT measurements either when the bladder is full or empty. Furthermore, DWT measurements can only predict LUTS that includes subvesical obstruction. They are not able to detect abnormalities such as detrusor overactivity during bladder filling or emptying. Those abnormalities can only be demonstrated through urodynamic studies. Another limitation to the study was that our control group was not age-matched. In the literature, however, the measurement error of ultrasonography was found to be even more significant than BWT differences in different age groups (5) . Thus, we feel that the control group not being age-matched is not a significant limitation.
In conclusion, suprapubic transabdominal ultrasonographic assessment of the lower urinary tract in a noninvasive manner allows clinicians to assess LUTS severity in men without any morbidity. The technique is accurate, simple, reliable and quick (i.e., it can be performed in less than 2 min), and intra-and inter-observer variability is low. We believe that the ultrasound measurements of DWT (either when the bladder is distended or empty), PVR, and bladder and prostate volume measurements are promising noninvasive tools to diagnose LUTS or BOO in men. Both the DWT (DWT-1 and DWT-2) and PVR measurements have demonstrated an acceptable ability to differentiate symptomatic cases from healthy subjects. If only information concerning LUTS is required, the combined use of DWT-2 and PVR might replace invasive procedures, such as PFS, in the future. Given that no cutoff values for those parameters have yet been identified, however, it is currently better to use those parameters to assess the progression of symptom severity during the follow-up. To further advance the efficacy and scope of this clinical technique, continued studies are warranted.
